
rJ 
4 
U 

=. 
- 

NASA TT F-10,412 

CERTAIN PROBLEMS RESULTING FROM EFFECTS OF ACCELERATION 
DURING SPACE FLIGHT (EFFECTS OF CUMULATION AND ADAPTATION) 

A. R. Kotovskaya 
(Academy of Sciences of the USSR) 

Translation of "Nekotoryye problemy deystviya peregruzok v 
kosmicheskom polete". Presented at the 17th International 

Astronautical Congress, Madrid, 9-15 October 1966 

r 

GPO PRICE $ 

CFSTl PRICE(S) $ 

Hard copy (HC) 

Microfiche (M F) 65' 
ff 653 July 65 

. 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON NOVEMBER 1966 



NASA TT F-10,412 

CERTAIN PROBLEMS RESULTING FROM EFFECTS OF ACCELERATION 
DURING SPACE FLIGHT (EFFECTS OF CUMULATION AND ADAPTATION) 

A. R. Kotovskaya 
(Academy of Sciences of t h e  USSR) 

ABSTRACT 

The au thor  performs an i n v e s t i g a t i o n  i n  o rde r  t o  make 
a comprehensive s tudy  of c l in ico-phys io logica l ,  biochemical,  
hematological ,  roentgenological ,  and pathomorphological 
changes occurr ing  i n  t h e  organism of animals subjec ted  t o  
one-time o r  repeated e f f e c t s  of a c c e l e r a t i o n .  The t e s t s  
conducted used 50 dogs and 1 3  monkeys. A maximum t o l e r a b l e  
du ra t ion  t o  an a c c e l e r a t i o n  of 12  g u n i t s  w a s  e s t a b l i s h e d  
f o r  t h e  monkeys. A c o r r e l a t i o n  of changes i n  t h e  
roentgenologica l ,  c l i n i c a l ,  and pathomorphological p i c t u r e s  
w a s  e s t ab l i shed .  Repeated exposure t o  a c c e l e r a t i o n  i n  t h e  
organism of an  animal may cause va r ious  adapt ive  and 
cumulative damaging e f f e c t s .  
problem i s  deemed an important t a sk .  

A thorough s tudy of t h i s  

Space f l i g h t  has  engendered many problems, one of which i s  t h e  - I1 
i n f l u e n c e  had by t h e  cumulative and adapt ive  e f f e c t s  of a c c e l e r a t i o n  on t h e  
organism of man and animal. 
d e f i n i t e  p r a c t i c a l  s c i e n t i f i c  i n t e r e s t .  Information i n  a v a i l a b l e  l i t e r a t u r e  
g ives  evidence of t h e  f a c t  t h a t ,  on one hand, t h e  r e s i s t a n c e  of an organism 
may i n c r e a s e  when subjec ted  t o  t h e  e f f e c t s  of a c c e l e r a t i o n  repea ted ly  and, on 
t h e  o t h e r  hand, repea ted  exposure t o  a c c e l e r a t i o n  may l ead  t o  cumulation of 
nega t ive  e f f e c t s .  

Inves t iga t ion  i n t o  t h i s  very complex problem i s  of 

Armstrong and H e i m  (1938) ind ica t ed  t h a t  i f  t h e  e f f e c t s  of a c c e l e r a t i o n  
are repea ted  s e v e r a l  t i m e s  i n  t h e  d i r e c t i o n  head--pelvis over  a per iod  of 
several cont inuous days an inc rease  i n  to l e rance  i s  not iced .  
were r epea ted  during a s i n g l e  day t h e  au thors  noted a lowering i n  t h e  resist- 
ance of t h e  organism. 
t r a i n i n g ,  inc luding  phys ica l  exe rc i se s  and r o t a t i o n  i n  a cen t r i fuge ,  causes  
r e s i s t a n c e  t o  t h e  e f f e c t s  of acce le ra t ion  i n  p i l o t s .  
f l i g h t  maneuvers, t r a i n e d  p i l o t s  c rea ted  somewhat g r e a t e r  g-loads than d i d  
un t r a ined  p i l o t s .  

When t h e  e f f e c t s  

According t o  d a t a  provided by A. P. Popov (1939) ground 

When execut ing  a c r o b a t i c  

I n  t h e  work of A. B. Flekkel '  and A. M. Odinov (1949) t h e r e  is  a l s o  an 
i n d i c a t i o n  of t h e  p o s s i b i l i t y  of increas ing  a c c e l e r a t i o n  t o l e r a n c e  by repea ted  

*Numbers g iven  i n  t h e  margin i n d i c a t e  t h e  pagina t ion  i n  t h e  o r i g i n a l  fo re ign  
t e x t .  
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r o t a t i o n  on a cen t r i fuge .  
from t h e  s u b j e c t i v e  f e e l i n g s  of t hose  s u b j e c t s  t e s t e d  become manifest  a f t e r  
3--4 se s s ions .  

In  t h e i r  opinion t h e  r e s u l t s  of t r a i n i n g  as eva lua ted  

The maximum b e n e f i t  w a s  noted by t h e  s ta r t  of t h e  9th-10th 
s e s s i o n s  and l a s t e d  one month a f t e r  t h e  t r a i n i n g .  However, when t h e  - I2 - a c c e l e r a t i o n  w a s  repea ted  a t  s h o r t  i n t e r v a l s  t h e  phenomenon of cumulation 
occurred i n  t h e  organism. 

V. I. Babushkin, V. B. Malkin, and V. V. Usachev (1956) showed t h a t  t h e  
phys io log ica l  r e a c t i o n s  of an organism as  a c c e l e r a t i o n  is  repea ted  acqu i re  an 
adequate n a t u r e  correspondlng generaI Iy  f n  p r6cor t ion  t o  t h e  s t r a i n  involved.  
According t o  d a t a  provided by P. K. Isakov (1957) a man's r e s i s t a n c e  t o  t h e  
e f f e c t s  of a c c e l e r a t i o n  rises as he performs repea ted  a c r o b a t i c  f l y i n g  
maneuvers which g radua l ly  become more complex. 

A t  t h e  same t i m e  i n  a v a i l a b l e  l i t e r a t u r e  t h e r e  i s  t o  be found information 
sugges t ive  t h a t  t h e  g-loads may have harmful consequences f o r  an organism. 
Nearly a l l  r e sea rche r s  working i n  t h i s  a r ea  observed hemorrhaging i n  t h e  
integument fol lowing t h e  e f f e c t s  of t r a n s v e r s e  a c c e l e r a t i o n  (Buhrlen, Z . ,  1937; 
Duane, Z. D . ;  and o t h e r s ,  1955; Clarke and o t h e r s ,  1959; Kotovskaya, A. R. ,  
Suvorov, P. M.,  and o t h e r s ,  1962; Barer ,  A. S . ,  1962; and o t h e r s )  and 
conjunt iva  of t h e  sclera of t h e  eyes (Iacobs,  H. ,  Cannigham, C . ,  Conover, D . ,  
1957) ,  and t h e  appearance of moist  rales i n  t h e  p o s t e r i o r  s e c t i o n s  of t h e  lungs 
and even hemoptysis (Cherniack, N . ,  Hyde, A. S. ,  1961; Muller ,  G . ,  1961; 
Watson, I. F., Cherniack, N . ,  1962).  

Na tu ra l ly  t h e  degree and n a t u r e  of t h e  d i s o r d e r s  descr ibed  by d i f f e r e n t  
au tho r s  w e r e  no t  t h e  same and w e r e  a f f e c t e d  by t h e  d i f f e r e n t  condi t ions  under 
which t h e  experiments were conducted. With repeated e f f e c t s  from a c c e l e r a t i o n ,  
according t o  B. M. Savin (1966), i n  some animals increased  r e s i s t a n c e  w a s  
observed and i n  o t h e r s  a marked decrease wi th  d i f f e r e n t  degrees  of change i n  
t h e  f u n c t i o n a l  condi t ion  of t h e  b r a i n  centers .  

The experiments conducted wi th  animals by I. M. Khazen, E. M. Kogan, 
and A. S. Barer (1963) are of i n t e r e s t .  These experiments showed t h a t  f requent-  
l y  r epea ted  e f f e c t s  of a c c e l e r a t i o n  caused deep morphological changes i n  many 
organs and systems t o  develop. Under the in f luence  of a c c e l e r a t i o n  of t h e  same 
f o r c e  b u t  w i th  g r e a t e r  i n t e r v a l s  between tests, t h e  morphological changes were 
much smaller i n  ex ten t .  

Many r e sea rche r s  a t t a c h  g r e a t  importance t o  t h e  du ra t ion  of t h e  e f f e c t  of 
a c c e l e r a t i o n .  Wood, Lambert, and Code (1947) e s t a b l i s h e d  t h a t  a c c e l e r a t i o n s  
of  8--12 G ' s  a c t i n g  i n  t h e  d i r e c t i o n  head--pelvis and l a s t i n g  f o r  15 sec d id  
n o t  cause  cumulative phenomena i n  dogs, d e s p i t e  t h e  f a c t ,  t h a t ,  they were 
exper ienced  d a i l y  over  a per iod  of 26 days. 
t i o n s ,  when a c t i n g  over  a longer  per iod ,  were accompanied by cons iderable  
d e t e r i o r a t i o n  i n  t h e  condi t ion  of t h e  animals. 

A t  t h e  same t i m e  t h e s e  accelera- 

Therefore  even a very  incomplete review of a v a i l a b l e  l i t e r a t u r e  on t h e  
s u b j e c t  shows t h a t  t h e r e  is  no unanimous opinion concerning t h e  consequences 
of r epea ted  exposure t o  acce le ra t ion .  On one hand, d a t a  i s  submitted which 
g i v e s  ev idence  of t h e  p o s s i b i l i t y  of adapta t ion  i n  man t o  t h e  e f f e c t s  of 
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a c c e l e r a t i o n  and, on t h e  o t h e r  hand, it i s  admit ted t h a t  t h e r e , i s  a 
p o s s i b i l i t y  of cumulation of nega t ive  e f f e c t s .  Fac ts  are presented  t o  show /3 
t h e  occurrence no t  only of f u n c t i o n a l  changes bu t  a l s o  of coarse  s t r u c t u r a l  
d i s o r d e r s  i n  t i s s u e s .  However, i t  i s  a l t o g e t h e r  obvious t h a t  t h e  occurrence of 
some degree of change i n  an organism is determined by t h e  a c c e l e r a t i o n  systems 
and t h e  ex ten t  of a c c e l e r a t i o n ,  t h e  d i r e c t i o n  of t h e  vec to r ,  du ra t ion ,  
frequency of r e p e t i t i o n ,  etc. C l a r i f i c a t i o n  of t h e  va r ious  a spec t s  of t h i s  
problem i s  of d e f i n i t e  p r a c t i c a l  i n t e r e s t  i n  t h e  development of systems f o r  
t r a i n i n g  men t o  become accustomed t o  acce le ra t ions .  

The purpose of ou r  i n v e s t i g a t i o n  was t o  make a comprehensive s tudy  of  
c l in ico-phys io logica l ,  biochemical,  hematological ,  roentgenologica l ,  and 
pathomorphological changes occurr ing  i n  the  organism of animals when they  
experience s i n g l e  o r  repeated acce le ra t ions .  

Tests w e r e  conducted using 50 dogs and 13 monkeys. The d i r e c t i o n  of t h e  
a c c e l e r a t i o n s  w a s  chest--back (+Gx). 
a c c e l e r a t i o n  measuring 8 G ' s  and l a s t i n g  3 min ( 1 s t  Series) and once t o  an 
a c c e l e r a t i o n  measuring 12 G ' s  and l a s t i n g  2 min (2nd Se r i e s ) .  
subjec ted  t o  repea ted  a c c e l e r a t i o n s  measuring from 3 t o  12 G ' s  according t o  
t h e  fol lowing schedule:  3 G's--180 s e c ;  5 G's--180 sec; 6 G's--150 sec ;  
8 G's--120 sec; 10 G's--90 sec; and 12 G's--60 sec (3rd S e r i e s )  (Table 1 ) .  
The i n t e r v a l s  between r o t a t i o n s  w a s  36--48 hours.  

The dogs were subjec ted  once t o  an 

They were a l s o  

Table 1 

D i s t r i b u t i o n  of Animals Depending on Regimes of E f f e c t s  

Regime of E f f e c t s  

8 G ' s  f o r  a per iod  of 3 min 
( 1 s t  S e r i e s )  

1 2  G ' s  f o r  a per iod  of 1 min 
(2nd S e r i e s )  

From 3 t o  12 G'  s 
(3rd S e r i e s )  

To ta l s  : 

Tota l  Number of Animals Number Ki l l ed  

1 7  

19 

14 

14 

16  

14 

50 44 

I n  tests conducted us ing  monkeys a maximum t o l e r a b l e  du ra t ion  t o  an 
a c c e l e r a t i o n  of 12 G ' s  w a s  e s t ab l i shed .  
sec (A. R. Kotovskaya, P. V. Vasi l 'yev,  B. A. Lapin,  e t  a l . ,  1963). 

The g rad ien t  of i nc rease  w a s  0.15 G I s /  

The r e s u l t s  of t h e  tests showed t h a t  s i n g l e  and repeated a c c e l e r a t i o n s  
caused t h e  occurrence i n  t h e  organisms of phys io log ica l  changes i n  similar 
d i r e c t i o n s  b u t  manifested i n  varying degrees.  The c l i n i c a l  observa t ions  made 
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by B. V. Batrakov of animals subjec ted  t o  s i n g l e  a c c e l e r a t i o n s  
and l a s t i n g  f o r  3 min and 12 G ' s  l a s t i n g  f o r  1 min allowed t h e  

measuring 8 G ' s  
d e t e c t i o n  o f ,  /4 - 

several changes i n  behavior  and a l s o  i n  sepa ra t e  organs and systems of organs.  
I n  several dogs per iods  of genera l  depression delayed r e a c t i o n s ,  and s luggish-  
nes s  were noted,  vary ing  i n  dura t ion .  In  some animals t h e  pe r iods  l a s t e d  1.5-- 
3 hours and i n  o t h e r s  t h e  e n t i r e  f i r s t  day a f t e r  they had been Subjected t o  t h e  
a c c e l e r a t i o n s  (B. V. Batrakov).  The mucous membranes were hyperemic. On t h e  
conjunct iva  of t h e  e y e l i d s  and t h e  mucous l i n i n g  of t h e  pharynx t h e r e  were 
i n d i v i d u a l  s p o t s  of hemorrhaging. In 50% of the  dogs obtus ion  w a s  noted i n  
t h e  percuss ion  n o t e  i n  t h e  lower d o r s a l  s e c t i o n s  of t h e  c h e s t ,  weakening of 
v e s i c u l a r  r e s p i r a t i o n ,  and moist  rales of a microves icu lar  na ture .  I n  a l l  
animals a s l i g h t  d u l l i n g  of  t h e  tones of t h e  h e a r t  and i n  some cases s y s t o l i c  
n o i s e  i n  t h e  apex w a s  noted. With pa lpa t ion  of t h e  organs of t h e  abdominal 
c a v i t y  i n  most of t h e  animals pa infu lness  of varying i n t e n s i t y  w a s  r e g i s t e r e d  
i n  t h e  area around t h e  kidneys. However, a c l i n i c a l  u r i n a l y s i s  of t h e s e  
animals revea led  no pa tho log ica l  symptoms. Nothing unusual w a s  no t i ced  about 
t h e  o t h e r  organs i n  t h e  abdominal cav i ty .  
very  l i t t l e  from t h e i r  i n i t i a l  values .  

I ?  

The temperature  and weight d i f f e r e d  

The ind ica t ed  dev ia f ions  i n  c e r t a i n  organs and systems w e r e  of b r i e f  
dura t ion .  The changes around t h e  h e a r t  disappeared f i r s t .  Hemorrhaging i n  
t h e  mucous membranes l a s t e d  1--3 days a f t e r  r o t a t i o n  w a s  terminated and a c u t e  
pa in  i n  t h e  area of t h e  kidneys 1-2 days. During t h e  next  3--5 days only a 
c e r t a i n  amount of nervousness w a s  noted i n  t h e  animals during pa lpa t ion  of 
t h i s  area. 
and weakening of v e s i c u l a r  r e s p i r a t i o n  decreased. I n  gene ra l  t h e  du ra t ion  of 
t h e  a f t e r - e f f e c t s  w a s  from one t o  1 2  days. 

F i r s t  t h e  rales disappeared i n  t h e  lungs  and t h e  degree of ob tus ion  

An a n a l y s i s  of t h e  information obtained from medical  observa t ion  of t h e  
animals used i n  t h e  3rd Series g ives  evidence of t h e  varying n a t u r e  and degree 
of d i s o r d e r s  which occurred.  During the  f i r s t  two days a f t e r  t h e  a c c e l e r a t i o n s  
of from 3 t o  6 G ' s  t h e  behavior  of dogs d i f f e r e d  l i t t l e  from normal and on 
subsequent days,  a f t e r  a c c e l e r a t i o n s  of 8, 10, and 1 2  G ' s  had been experienced,  
i t  changed not iceably .  The animals became more s lugg i sh  and i n d i f f e r e n t  t o  
t h e i r  surroundings.  I n  some animals the  delayed r e a c t i o n s  and s luggishness  
w e r e  no ted  during t h e  f i r s t  1--3 hours  a f t e r  t h e  e f f e c t s  were f e l t  and i n  o t h e r s  
they  w e r e  experienced on t h e  fol lowing day. 
o v e r a l l  cond i t ion  of t h e  animals during t h e  per iod  when t h e  a f t e r - e f f e c t s  w e r e  
being experienced w a s  determined no t  only by t h e  s t r e n g t h  of t h e  s t imulus  used, 
b u t  a l s o  by t h e  r e s i s t a n c e  of t h e  animals t o  t h e  e f f e c t s  of a c c e l e r a t i o n .  

In  t h i s  way t h e  change i n  t h e  

The d i f f e r e n c e  i n  weight of t h e  animals between t h e  l a s t  day of r o t a t i o n  
and t h e  i n i t i a l  va lue  w a s  i n  60% of a l l  cases  nega t ive  and wi th in  t h e  range of 
from -1.1 t o  9.5%. I n  t h e  remaining dogs i t  w a s  p o s i t i v e  and f l u c t u a t e d  from 
+2.8 t o  +5.4%. 

A l l  animals  were d iv ided  i n t o  t h r e e  main groups according t o  t h e  degree 
t o  which c l i n i c a l  changes were manifested: t h e  f i r s t  group, wi th  s l i g h t  - 15 
p a t h o l o g i c a l  changes (3  dogs) ,  and t h e  becond groua  wi th  moderate changes 
(9 dogs) ,  and t h e  t h i r d  group with marked changes (2  dogs).  1 
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, ' .  

I n  t h e  animals i n  t h e  f i r s t  group during t h e  process  of a l l  r o t a t i o n s  and 
a l s o  a f t e r  t h e  te rmina t ion  of t h e  experiment t h e  fol lowing changes were noted. 
The behavior  of t h e  dogs w a s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  a t  t h e  
beginning of t h e  experiment. The body temperature w a s  normal. Af t e r  
te rmina t ion  of t h e  a c c e l e r a t i o n s ,  usua l ly  beginning wi th  t h e  second day of 
r o t a t i o n s  on t h e  c e n t r i f u g e  ( acce le ra t ion  of 6 G ' s  f o r  150 s e c ) ,  marked hyper- 
e m i a  of t h e  mucous membranes of t h e  mouth and pharynx and conjunct iva  of t h e  
eyes were noted and s m a l l ,  i s o l a t e d  po in t s  of hemorrhaging appeared on t h e  
mucous membranes of t h e  lower l i d s ,  t h e  pharynx, and, less o f t e n ,  of t h e  
t o n s i l s .  Af t e r  t h e  t h i r d  o r  f o u r t h  day of r o t a t i o n  i t  w a s  noted t h a t  t h e  
t o n s i l s  w e r e  somewhat enlarged.  The degree t o  which t h e  above-mentioned 
changes w e r e  manifest  and a l s o  t h e  amount of hemorrhaging w e r e  apparent ly  
caused by t h e  ex ten t  of t h e  acce le ra t ion .  
and systems w e r e  noted. 

, 

N o  dev ia t ions  i n  t h e  o t h e r  organs 

I n  animals i n  t h e  second group, j u s t  as w a s  t h e  case i n  a l l  o t h e r  dogs of 
t h e  t r a i n e d  series, it w a s  c h a r a c t e r i s t i c  t h a t  changes occurred i n  t h e  v i s i b l e  
muscous membranes. In  n a t u r e  they were t h e  same as i n  t h e  animals of t h e  f i r s t  
group, however, t h e  degree t o  which they were manifest  w a s  somewhat increased.  
Beginning w i t h  t h e  1st-3rd days of r o t a t i o n  and on subsequent days a f t e r  t h e  
a c c e l e r a t i o n s  had been experienced,  hyperemia of t h e  conjunct iva ,  t h e  mucous 
membranes of t h e  mouth and pharynx, and, i n  some cases, of t h e  a n a l  opening 
w a s  observed. 

On t h e  mucosa of t h e  lower l i d s ,  t he  t o n s i l s ,  and t h e  pharynx s e p a r a t e  
p o i n t s  of hemorrhaging w e r e  found. However, i n  some cases numerous hemorrhages 
of a conf luen t  type  arranged i n  bands were no t i ced  on t h e  mucosa of t h e  pharynx. 
Moreover, t h e r e  w a s  observed an inc rease  and th ickening  of t h e  submaxil lary 
lymphat ic  nodes. The t o n s i l s  i n  most cases  a l s o  had a tendency t o  inc rease  
somewhat i n  s i z e .  I n  t h e  lungs ,  as a r u l e ,  a f t e r  2--3 days of r o t a t i o n  
obtus ion  of  t h e  percuss ion  n o t e  i n  t h e  lower s e c t i o n s  of t h e  d o r s a l  su r f aces  of 
t h e  lungs  (from t h e  f i f t h  r i b  and lower) w a s  noted.  Resp i r a t ion  i n  most of t h e  
animals  dur ing  t h e  f i r s t  2--3 days of r o t a t i o n  remained v e s i c u l a r  and on 
subsequent  days,  i n  many cases, a l o c a l  weakening of r e s p i r a t i o n  and t h e  
appearance of s i n g l e  and, as a r u l e ,  moist ,  microves icu lar  rales were observed. 

No d e v i a t i o n s  wi th  r e spec t  t o  t h e  h e a r t  were noted i n  most animals.  Only 
i n  a few cases w a s  a s l i g h t  weakening of tones  o r  uns t ab le  s y s t o l i c  n o i s e  i n  
t h e  apex noted  a f t e r  t h e  te rmina t ion  of r o t a t i o n .  

TA 
During pa lpqt ion  of t h e  organs of the  abdominal c a v i t y  pa in fu lness  w a s  

no ted  i n  t h e  a rea -a round  t h e  kidneys i n  almost a l l  animals.  
t h e  second day of r o t a t i o n )  t h e  dogs exh ib i t ed  some apprehension when t h i s  
area w a s  explored.  Later t h i s  apprehension became even g r e a t e r  and w a s  
accompanied by a c l e a r l y  defens ive  reac t ion .  I n  a few cases pa in fu lness  i n  
t h e  area around t h e  kidneys w a s  s o  severe t h a t  t h e  animals exh ib i t ed  a very 
s t r o n g  de fens ive  r e a c t i o n  on even a very s u p e r f i c i a l  pa lpa t ion .  However, / 6  
no p a t h o l o g i c a l  i n d i c a t o r s  were found when t h e  u r i n e  w a s  subjec ted  t o  c l in i ca i -  
test .  I n  some cases  p r o t e i n  i n  t r a c e s  up t o  0.03% i n  s t r e n g t h  appeared. 
Moreover, i n  one dog, which had been subjec ted  t o  an a c c e l e r a t i o n  of 10 G ' s ,  
t h e r e  w a s  no ted  an i c t e r i c  co lo r ing  of the  sclera of t h e  eyes and i n  another  

A t  f i r s t  ( a f t e r  
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dog, on t h e  fou r th  day a f t e r  r o t a t i o n ,  t h e r e  w a s  no t i ced  pa in fu lness  on 
pa lpa t ion  of t h e  r i g h t  s i d e  of t h e  ingu ina l  area which continued a l s o  on t h e  
f i f t h  day of t r a i n i n g  and t h e  f i r s t  day a f t e r  t r a i n i n g  w a s  terminated.  The 
body temperature during t h i s  t i m e  remained normal. 
which were noted were of a passing na ture  and usua l ly  disappeared r ap id ly .  
per iod  of recovery usua l ly  l a s t e d  i n  most cases from one t o  t h r e e  days and 
less f r equen t ly  from f i v e  t o  t e n  days. 

The pa tho log ica l  dev ia t ions  
The 

Included i n  t h e  t h i r d  group were two dogs e x h i b i t i n g  s t a b l e  pa tho log ica l  
changes. 
d a t a  from an examination of t h e s e  animals confirmed l abora to ry  ana lyses  of t h e  
urine and the M o d .  
and i n  t h e  o t h e r ,  i n  t h e  lungs and kidneys. 

They accounted f o r  14.3% of the t o t a l  observa t ions  made. C l i n i c a l  

I n  one dog pa tho log ica l  changes were noted i n  t h e  l iver  

Veter inary  examination of t h e  animals made poss ib l e  t h e  i d e n t i f i c a t i o n  of 
changes which, i n  most cases, w e r e  condi t ioned apparent ly  by s t a b l e  phenomena. 
This  a s s e r t i o n  is  confirmed by t h e  r e s u l t s  of roentgenologica l  and morphologi- 
cal  examination of t h e  lungs and o t h e r  organs. 

I 
An X-ray s tudy  w a s  made of t h e  organs of t h e  ches t  by P. N.  Ivanov 20-- 

30 min a f t e r  t h e  te rmina t ion  of r o t a t i o n  and a l s o  during t h e  per iod  when t h e  
a f t e r - e f f e c t s  were being f e l t  (up t o  60 days) ,  I n  t h e  lungs a s t rengthening  
of t h e  r a d i c a l  and pulmonary p a t t e r n s ,  e s p e c i a l l y  i n  t h e  caudal  h a l f  of t h e  
pulmonary area, and a l s o  s igns  of l essening  of t h e  pneumatic process  could be 
seen. A l l  changes r e g i s t e r e d  i n  t h e  photos were determined by t h e  ex ten t  and 
t h e  du ra t ion  of t h e  acce le ra t ions .  When t h e  a c c e l e r a t i o n  w a s  of t h e  o rde r  of 
from 3 t o  8 G ' s ,  s i g n i f i c a n t  readings  from t h e  X-ray photos were very  minor 
and b r i e f  i n  dura t ion .  The e f f e c t s  of a s i n g l e  a c c e l e r a t i o n  measuring 1 2  G ' s  
i n  t h e  2nd Series and a l s o  t h e  a c c e l e r a t i o n s  of 10 and 1 2  G ' s  i n  t h e  3rd 
Series caused many n o t i c e a b l e  changes which were most c l e a r l y  expressed 
immediately fol lowing r o t a t i o n  but  a l s o  l a s t e d  f o r  a per iod  of  5--7 days. 
Unfor tuna te ly  t h e  materials obtained d id  n o t  make i t  p o s s i b l e  t o  perform a 
q u a n t i t a t i v e  eva lua t ion  of t h e  changes which were noted o r  a comparative 
a n a l y s i s  of t h e  changes a s soc ia t ed  wi th  s i n g l e  o r  repeated a c c e l e r a t i o n s .  

A comparison of t h e  d a t a  from roentgenologica l  examination of t h e  lungs 
and t h e  r e s u l t s  of phys i ca l  observa t ions  w a s  conducted wi th  t h e  h e l p  of 
a u s c u l t a t i o n  and percussion.  
r e s p i r a t i o n  and t h e  occurrence of moist  rales w e r e  accompanied by n o t i c e a b l e  
s i g n s  of pathology i n  t h e  X-ray photos.  It i s  an i n t e r e s t i n g  f a c t  t h a t  t h e  
i n d i c a t e d  c o r r e l a t i o n  w a s  e s p e c i a l l y  marked during t h e  f i r s t  one o r  two days. 
Later t h e  d e v i a t i o n s  from normal, which were found i n  t h e  lungs through t h e  
use  of p h y s i c a l  methods of examination, i n  most cases ,  d id  n o t  have c l e a r  /7 
conf i rmat ion  i n  t h e  X-ray photos. 

In  most cases  t h e  ex i s t ence  of weakness i n  

It is  important  t o  no te  t h a t  t h e  ind ica t ed  c l i n i c a l  and roentgenologica l  

The most c l e a r l y  expressed morphological changes i n  t h e  lungs of t h e  
d i s c o v e r i e s  were confirmed i n  a pathomorphological examination of t h e  test 
animals .  
animals  were noted af ter  a s i n g l e  a c c e l e r a t i o n  of 12 G ' s  l a s t i n g  60 sec. 

A s  can be seen  t h e  e f f e c t s  of s i n g l e  and repea ted  t r a n s v e r s e  a c c e l e r a t i o n s  
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caused changes i n  t h e  condi t ion  of t h e  animals which were uniform i n  t h e i r  
course  but  d i f f e r e n t  as t o  t h e  degree t o  which they w e r e  manifest .  The changes 
i n  t h e  behavior  of t h e  animals and i n  t h e i r  o v e r a l l  cond i t ion  were determined 
by t h e  s i z e  and dura t ion  of t h e  e f f e c t s  and a l s o  t h e  i n d i v i d u a l  r e s i s t a n c e  
of t h e  dogs t o  t h e  acce le ra t ions .  The changes which were noted i n  a c l i n i c a l  
s t a t u s  apparent ly  were t h e  r e s u l t  of development of va r ious  pa tho log ica l  d i s -  
o rde r s  i n  t h e  vascu la r  system and t h e  parenchymatous elements of organs.  

Phys io logica l  examinations were conducted t o  trace t h e  n a t u r e  of changes 
i n  s e p a r a t e  r e a c t i o n s  of t h e  organisms of t h e  animals wi th  s i n g l e  and repea ted  
t r a n s v e r s e  a c c e l e r a t i o n s  and t o  eva lua te  t h e  importance of t h e  i n i t i a l  
f u n c t i o n a l  condi t ion  p r i o r  t o  r o t a t i o n .  It should be noted t h a t  t h e  physio- 
l o g i c a l  r e a c t i o n s  as a r e s u l t  of s i n g l e  a c c e l e r a t i o n s  have been s tud ied  t o  a 
s u f f i c i e n t  degree. Therefore ,  t h e  d a t a  from examinations obta ined  during 
repea ted  a c c e l e r a t i o n s  (pu l se  rate, r e s p i r a t i o n  rate, EKG, and gas  exchange) 
were used by us  f o r  comparison wi th  phys io logica l  r e a c t i o n s  during t h e  
a c c e l e r a t i o n s  having d i f f e r e n t  s i g n s  according t o  va lue  i n  t h e  cyc le  involv ing  
repea ted  r o t a t i o n .  The frequency of t h e  h e a r t  bea t  i n  animals i n  t h e  i n i t i a l  
s t a t e  f l u c t u a t e d  wi th in  r a t h e r  wide l i m i t s  (from 88 t o  224 beats /min) .  On 
achiev ing  a c c e l e r a t i o n s  of a cons tan t  fo rce  ("platforms") of 8 and 12 GIs, t h e  
p u l s e  r a t e  w a s  found t o  be  w i t h i n  t h e  l i m i t s  of 198--208 b e a t s h i n .  With an 
a c c e l e r a t i o n  of 8 G I s  t h e  pu l se  increased by 56.7--73.2% and wi th  an acceler- 
a t i o n  of 12 G ' s  by 98% i n  comparison with i n i t i a l  va lues .  

I n  t h e  series of tests i n  which the  a c c e l e r a t i o n s  were repeated t h e  h e a r t  
b e a t  i n  t h e  i n i t i a l  s tate had a tendency t o  i n c r e a s e  from test  t o  test .  Thus, 
p r i o r  t o  t h e  f i r s t  r o t a t i o n  i t  w a s ,  on an average,  134 f 17.2 beats /min and 
p r i o r  t o  t h e  f i f t h  r o t a t i o n ,  153 f 28.9 beats/min. With a c c e l e r a t i o n s  of from 
3 t o  12 G I s  t h e  p u l s e  ra te  w a s  w i th in  the  l i m i t s  of 197--233 beats /min.  W e  
w e r e  n o t  a b l e  t o  d e t e c t  a d i r e c t  dependence between t h e  va lue  of t h e  accelera- 
t i o n  and t h e  gradual  i nc rease  i n  pu l se  r a t e .  The l a c k  of a s t r i c t  c o r r e l a t i o n  
between t h e  i n c r e a s e  i n  p u l s e  ra te  and the  inc rease  i n  a c c e l e r a t i o n  can 
appa ren t ly  be  explained by t h e  h igh  l e v e l  of p u l s e  frequency i n  t h e  i n i t i a l  
s ta te  when t h e  p re - t e s t  p repa ra t ions  and o u t f i t t i n g  t h e  animals ac ted  as a 
s i g n a l  f o r  t h e  dogs and were accompanied by s i g n i f i c a n t  tachycard ia  (A. R. 
Kotovskaya and Y e ,  M. Yuganov, 1962). 

- /8 

A comparison of t h e  r e a c t i o n s  of h e a r t  rhythm i n  animals exposed t o  
a c c e l e r a t i o n  equal  i n  f o r c e  (8 and 12 G I s  ) once and then  t o  a t r a i n i n g  cyc le  
showed t h e  fol lowing changes. 
i n  a l l  cases lower than  wi th  t h e  same s t r a i n  induced i n  a cyc le  of repea ted  
r o t a t i o n s .  However, t h e  i n i t i a l  func t iona l  s ta te  of animals i n  t h e s e  
experiments  var ied .  Thus, t h e  mean pulse  rate p r i o r  t o  t h e  s i n g l e  r o t a t i o n  w a s  
much lower than p r i o r  t o  corresponding tests i n  t h e  3rd S e r i e s  which was t h e  
t r a i n i n g  series. P r i o r  t o  t h e  s i n g l e  r o t a t i o n  on t h e  c e n t r i f u g e  i t  w a s  105-- 
115 bea ts /min  and i n  t h e  t r a i n i n g  series, 153--166 beats /min (Table 2) .  

With a s i n g l e  a c c e l e r a t i o n  t h e  pu l se  rate w a s  

A s  can be seen  from Table 2 ,  i n  the t r a i n i n g  series of tests t h e  inc rease  
i n  t h e  number of c a r d i a c  con t r ac t ions  during t h e  a c c e l e r a t i o n s  w a s  approximate- 
l y  h a l f  t h e  number when t h e  acce le ra t ion  w a s  app l i ed  once. 
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I n  an a n a l y s i s  of t he  r e s p i r a t i o n  i n d i c a t o r s  of t h e  animals wi th  s i n g l e  
and repeated a c c e l e r a t i o n s ,  no dependence w a s  found between t h e  change i n  
r e s p i r a t i o n  rate, t h e  va lue  of t h e  acce le ra t ion ,  and t h e  i n i t i a l  condi t ion  of 
t h e  animals. 

During a c c e l e r a t i o n s  which were constant  i n  f o r c e  ("platforms") t h e  
amount of air  inha led  and t h e  need f o r  02 exceeded the i n i t i a l  va lue  o r  
approximated i t .  
inc rease  w a s  noted i n  t h e  c i t e d  i n d i c a t o r s  i n  comparison wi th  t h e  background 
level (Table 3) .  

During t h e  per iod when t h e  c e n t r i f u g e  was being braked an 

Table 3 

Inc rease  i n  Amount of A i r  Inhaled i n  a Minute (MOD) and Need f o r  O2 
During Cent r i fuge  Braking a f t e r  Acce lera t ions  which Varied i n  Force 
i n  Comparison wi th  t h e  I n i t i a l  Values Expressed A s  a % (According t o  

Data Provided by S. F,  Simpura) 

I n d i c a t o r s  of 
I n i t i a l  
Resp i r a t ion  

MOD i n  
l i ters/  
min 

Need f o r  
02 i n  
ml/min 

6 G I s - -  
180 sec 

+54.5 

+37.8 

Acce 

8 G I s - -  
120 sec  

+36.5 

+14.0 

2 r a t  ions  

10 G I s - -  
90 sec 

+44.9 

+19.5 

12 G I s - -  
60 sec 

+46.9 

+32.4 

A comparison of materials obtained during s i n g l e  and repeated acce lera-  
t i o n s  i n d i c a t e d  t h a t ,  i n  t h e  t r a i n i n g  series, t h e  degree of changes w a s  much 
less than wi th  repea ted  a c c e l e r a t i o n s  (bar  graph) .  In  f a c t ,  t h e  inc rease  /9 
i n  t h e  amount of oxygen needed by the  animals dur ing  t h e  t i m e  when r o t a t i o n  
w a s  be ing  braked i n  t h e  2nd Series i n  comparison wi th  t h e  i n i t i a l  va lue  w a s  
+111% and i n  t h e  3rd Series i t  w a s  only +32%. 

The drop i n  t h e  i n c r e a s e  i n  need f o r  oxygen i n  animals i n  t h i s  s e c t o r  of 
r o t a t i o n  dur ing  t h e  tests wi th  repeated a c c e l e r a t i o n s  i s  apparent ly  evidence 
of t h e  p o s i t i v e  e f f e c t  of t r a i n i n g .  

S i m i l a r  changes were recorded wi th  r e s p e c t  t o  consumption of energy. The 
level  of gas  exchange i n  t h e  1st and 2nd S e r i e s  during t h e  a c c e l e r a t i o n s  
changed r e l a t i v e l y  l i t t l e  whereas i n  the pe r iod  of decrease i n  s t r a i n  and f u l l  
s t o p  of t h e  c e n t r i f u g e  i t  grew rap id ly .  In  t h e  3rd Series these  changes 
became more gradual.  

A comparative a n a l y s i s  of energy consumption i n  animals experiencing /10 
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t h e  s i n g l e  a c c e l e r a t i o n  of 12 G ' s  f o r  a per iod of one minute and dur ing  t h e  
t r a i n i n g  series when t h e  a c c e l e r a t i o n s  were repeated i n d i c a t e d  t h a t ,  f o r  a 

l o s t  a reduced amount of energy (Table 4 ) .  
I subsequent exposure t o  t h e  a c c e l e r a t i o n  of t h e  same s t r e n g t h ,  t h e  animals 

I 

% E  0' 
.. 

\. : 

B 

Mean d a t a  of change i n  amount of air  inha led  p e r  minute ( l i t e r s / m i n )  
and need f o r  02 ( m i l l i l i t e r s / m i n )  i n  dogs dur ing  braking  of t h e  
c e n t r i f u g e  a f t e r  an a c c e l e r a t i o n  of 12 G ' s  w i th  du ra t ion  i n  minutes 
expressed as a percentage:  A--single a c c e l e r a t i o n ;  B--in t h e  
t r a i n i n g  series of tests t h e  i n i t i a l  va lue  i s  taken as 100%. 

I n  t h i s  way t h e  r e s u l t s  of a c t u a l  i n v e s t i g a t i o n  i n d i c a t e  reasons t o  
t h i n k  t h a t  t h e  e f f e c t s  of a c c e l e r a t i o n  ac t ing  i n  a t r a n s v e r s e  d i r e c t i o n  
causes  s i g n i f i c a n t  d i so rde r s  i n  t h e  gas exchange i n  t h e  lungs.  The i n t e n s i t y  
of t h e  gas exchange dur ing  t h e  a f t e r - e f f e c t s  per iod  has  a c e r t a i n  dependence 
on t h e  va lue  and du ra t ion  of t h e  acce le ra t ions  and t end  mainly t o  e l imina te  
t h e  oxygen def ic iency .  

The r e s u l t s  w e  obtained ag ree  wi th  those  obta ined  by M. Y e .  Marshak 
(19611, M. I. Vinogradov .(1958), and N. K. Vereshchagin and V.  V. Skryabin 
(1958) who s t u d i e d  t h e  func t ion  of e x t e r n a l  r e s p i r a t i o n  under varying loads  
of a s t a t i c  and dynamic na tu re .  

P r o t r a c t e d  t r a n s v e r s e  a c c e l e r a t i o n s ,  causing r e d i s t r i b u t i o n  of t h e  blood 
i n  t h e  organism, can d i s r u p t  t h e  blood supply i n  va r ious  organs and t i s s u e s  
and the reby  g r e a t l y  change t h e  oxygen-restorat ive processes .  
such changes may be  reduct ion  of t h e  a c t i v i t y  of many enzyme systems and t h e  
d i s r u p t i o n  of t h e  t r a n s p o r t  func t ion  of t h e  blood. 

The cause f o r  - /11 

By way of tests t o  r e f l e c t  t h e  change i n  t h e  organism of t h e  oxygen- 
r e s t o r a t i v e  processes ,  a u r i n a l y s i s  was  performed t o  determine u r i n e  
c r e a t i n e ,  c r e a t i n i n e ,  and pyroracemic ac id  (PVK) conten t .  The tests w e r e  
conducted by Y e .  A. Abaturova on seven animals i n  t h e  2nd and 3rd series. 
The changes i n  t h e  i n d i c a t o r s  mentioned had a phased n a t u r e  wi th  maximum 
change on t h e  1st and then  on t h e  7th--14th days a f t e r  r o t a t i o n .  Af t e r  a 
s i n g l e  a c c e l e r a t i o n  of 12  G ' s  f o r  one minute an increased  conten t  of c r e a t i n e  
( p r i o r  t o  a c c e l e r a t i o n  i t  w a s  e i t h e r  absent o r  e x i s t e d  only i n  an amount of 
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Table 4 

Change i n  Energy Consumption i n  Animals During an Accelerat ion of 
1 2  G ' s  Last ing One Minute i n  t h e  Training S e r i e s  of Tests i n  k c a l /  
kg of Weight (According t o  Data Provided by S. F. Simpura) 

l i m e  of 
[easure- 
lent 

n i t i a l  
'a lues  

ri th 
,cceler- 
. t i on  of 
he  
e n t r i b  
uge 

.t t h e  
l a t -  
01Tm" 

luring 
rak ing  

, f t e r  ro- 
a t  i o n  : 

1st min 

2nd min 

3rd min 

4th-- 
6 t h  mins 

Note: 

Change i n  Energy Consumption i n  
Animals i n  

S ingle  a c c e l e r a t i o n  
of 12 G's l a s t i n g  
one minute 

74.9 + 29.2 

87 f 33.9 

91  f 45 

139 f 46 

104 * 18.4 

81.3 f 16.9 

95.7 f 20.7 

76.4 f 24.5 
! 

:al/kg wi th  : 

Accelerat ions of 1 2  G ' s  
i n  t h e  t r a i n i n g  series 

81.1 + 11.2 

51.4 f 22.9 

86.1 f 28.4 

116 f 41.5 

85.7 f 28.4 

79.6 * 25.2 

87.3 f 26.5 

82.9 f 16.0 

Dif fe rence  
i n  % 

+ 8.0 

-42.0 

7.0 

17.0 

-12.0 

- 2.0 

- 9.0 

+ 9.0 

The va lues  of energy consumption wi th  s i n g l e  a c c e l e r a t i o n s  were 
taken as 100%. Af te r  t h e  f s i g n s  t h e r e  a r e  given root-mean- 
square values .  In  t h e  table mean d a t a  f o r  8 dogs i n  each 
series of tests are given. 
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. .  

13--50 mg/day w a s  found i n  t h e  u r i n e  of a l l  dogs t e s t e d  on t h e  f i r s t  day, 
level of c r e a t i n e  i n  t h e  u r i n e  of some dogs increased  g radua l ly  and i n  o t h e r s  
increased  spasmat ica l ly ,  reaching 234 mg/day on t h e  7th--14th days. Later 
t h e r e  w a s  noted a decrease  i n  t h e  amount, and r e s t o r a t i o n  of t h e  i n i t i a l  level ,  
as a r u l e ,  occurred i n  2--6 weeks. I n  some cases, s e p a r a t i o n  of c r e a t i n e  i n  
t h e  u r ine  normalized on t h e  fou r th  day a f t e r  t h e  a c c e l e r a t i o n s  had been ex- 
per ienced ,  During t h e  f i r s t  hours a f t e r  t h e  te rmina t ion  of r o t a t i o n  (accelera- 
t i o n  of 12 G ' s  f o r  one minute) ,  t h e  amount of c r e a t i n i n e  i n  t h e  u r i n e  usua l ly  
inc reased  t o  500-600 mg/day wi th  140--480 mg/day i n  t h e  i n i t i a l  condi t ion .  
I n  24--31 hours  after r o t a t i o n  t h e r e  w a s  less i n  t h e  u r i n e  than  p r i o r  t o  ro- 
t a t i o n .  On t h e  t h i r d  day, t h e  amount of creatinine in t h e  u r i n e  inc reased  
r a p i d l y ,  reaching i t s  maximum level on the  7th--14th days and exceeding t h e  
normal level by 1.5--2 t i m e s ,  I n  6 weeks t h e  l e v e l  of c r e a t i n i n e  i n  t h e  
u r i n e  of t h e  dogs had subsided t o  normal l i m i t s .  It should be  s t a t e d  t h a t  t h e  
curves i n d i c a t i n g  t h e  s e p a r a t i o n  of c r e a t i n e  and c r e a t i n i n e  coincided o r  
p a r a l l e l e d .  

The 

The amount of PVK i n  t h e  u r i n e  one day a f t e r  r o t a t i o n  decreased,  i n  most 
cases, by n o t  more than  one-third t h e  i n i t i a l  level. On t h e  t h i r d  day, t h e  
l e v e l  of PVK i n  t h e  u r i n e  exceeded t h e  i n i t i a l  value.  The maximum s e p a r a t i o n  
of PVK w a s  observed on t h e  7th--14th days. I n  many cases, during t h e  f i r s t  
7 hours a f t e r  r o t a t i o n  1.5 t i m e s  more PVK w a s  separa ted  from the  u r i n e  of t h e  
animals than  during t h e  per iod  of one day p r i o r  t o  t h e  t i m e  t h e  a c c e l e r a t i o n s  
were experienced. S ix  weeks l a te r  t h e  PVK content  i n  t h e  u r i n e  w a s  w i th in  
normal l i m i t s .  

A f t e r  repea ted  r o t a t i o n  i n  t h e  cen t r i fuge ,  which terminated wi th  an 
a c c e l e r a t i o n  of t h e  same f o r c e  and time (12 G ' s  f o r  one minute) ,  changes i n  
t h e  c i t e d  biochemical i n d i c a t o r s  were no t i ceab ly  more gradual  than a f t e r  a 
s i n g l e  exposure t o  acce le ra t ion .  Af te r  repea ted  r o t a t i o n s  no c r e a t i n e  w a s  
found i n  t h e  u r ine .  
r o t a t i o n ;  t h e  sepa ra t ion  of c r e a t i n i n e ,  i n  comparison wi th  t h e  i n i t i a l  va lue ,  
i nc reased  by approximately 1.5 times with subsequent normalizat ion.  
m a j o r i t y  of case changes i n  t h e  PVK content  a f t e r  r o t a t i o n  f l u c t u a t e d  w i t h i n  
normal 1 i m i  t s . 

I n  one day and a f t e r  3--7 days fol lowing te rmina t ion  of 

I n  t h e  

The information obtained by comparing t h e  PVK l e v e l  i n  t h e  u r i n e  and /12 
t h e  glycogen content  i n  t h e  myocardium a f t e r  t h e  a c c e l e r a t i o n s  had been 
experienced i s  wo.rthy of no te .  

According t o  t h e  information provided by V. G. Petrukhin and M. M. 
Sokolova t h e  glycogen content  i n  t h e  myocardium 30--60 min a f t e r  r o t a t i o n  w a s  
g r e a t l y  reduced. By t h e  t h i r d  day i t  had normalized and by t h e  7 t h  had aga in  
decreased  and then  aga in  gradual ly  reached t h e  i n i t i a l  values .  The disappear-  
ance  of glycogen from t h e  myocardium immediately a f t e r  r o t a t i o n  apparent ly  was 
caused by an inc rease  i n  t h e  consumption of it during t h e  acce le ra t ions .  A t  
t h e  same t i m e  a l a r g e  inc rease  i n  t h e  amount of PVK i n  t h e  u r i n e  w a s  observed. 
The subsequent  decrease  of PVK can be explained by t h e  r e s t o r a t i o n  of t h e  
glycogen content .  The l a r g e  inc rease  of c r e a t i n e ,  c r e a t i n i n e ,  and PVK i n  t h e  
u r i n e  appa ren t ly  i s  caused by d i s rup t ion  of t h e  processes  of s y n t h e s i s  i n  t h e  
organism as a consequence of t h e  decrease i n  a c t i v i t y  of many of t h e  enzyme 
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systems. The occurrences of hypoxia due t o  t h e  e f f e c t s  of a c c e l e r a t i o n  
apparent ly  caused t h e  change i n  t h e  r eac t ion  of t h e  medium and thereby re- 
vealed t h e  decrease i n  t h e  a c t i v i t y  of the  enzymes of t i s s u e  r e s p i r a t i o n .  

I -  It should be noted t h a t  t h e  s h i f t s  w e  found proved,in t r e n d ,  t o  be  
s imilar  t o  the  s h i f t s  observed i n  sportsmen subjec ted  t o  t h e  stresses of 
s t r enous  phys ica l  a c t i v i t y .  (Ye.  M. Kozhukhar', 1962; L. Sh. Levina,  1960; 
A. F. Makarova, 1960; V. A. Ragozkin, 1963; D. A. Chibach'yan, 1963; N.  N. 
Yakovlev, 1960; and o t h e r s ) .  

The changes i n  biochemical i n d i c a t o r s  during t h e  per iod  of a f t e r - e f f e c t s  
had a phased course.  During t h e  f i r s t  few days a f t e r  r o t a t i o n ,  t h e  changes 
apparent ly  were t h e  r e s u l t s  of d i s rup t ion  of t h e  oxygen ba lance  i n  t h e  
organism dur ing  t h e  acce le ra t ions .  La ter  changes were probably caused by t h e  
changes i n  t h e  vascu la r  and parenchymatous elements of t h e  t i s s u e s  and organs 
and a l s o  by t h e  r e p a i r  processes  i n  t h e  organism. 

It is  known t h a t  an important r o l e  i n  t h e  r e s i s t a n c e  of an organism t o  
va r ious  stress a c t i o n s  is  played by t h e  mechanism of nonspec i f i c  adapta t ion .  
Hormones of t h e  ad rena l  c o r t e x  are one of t h e  main f a c t o r s  i n  r e a c t i o n s  on 
which t h e  a b i l i t y  of an organism t o  adapt i t s e l f  t o  t h e  harmful e f f e c t s  of 
an  e x t e r n a l  medium is  based. 

From a v a i l a b l e  l i t e r a t u r e ,  i t  i s  known t h a t  t h e  e f f e c t s  of a c c e l e r a t i o n  
i n  va r ious  regimes may l e a d  t o  changes c h a r a c t e r i s t i c  of a s ta te  of stress 
o r  even dystrophy of an organ (G. A. Arutyunov and o t h e r s ,  1961; A. A. 
Gyurdzhian, N. N. Demin, 1961). I n  t h e  opinion of V. D. P o l i s  (1961), t h e  
e x i s t e n c e  of a normal l e v e l  of c o r t i c o s t e r o i d s  f a c i l i t a t e s  mobi l iza t ion  of 
p r o t e c t i v e  r e a c t i o n s  during t h e  e f f e c t s  of p o s i t i v e  a c c e l e r a t i o n s .  I n  case 
of a r a p i d  decrease  i n  t h i s  level t h e  r e s i s t a n c e  t o  a c c e l e r a t i o n s  i s  reduced 
as i s  a l s o  t h e  case wi th  o t h e r  stress f a c t o r s .  

A s tudy  of t h e  r e a c t i o n  of t h e  adrena l  co r t ex  based on d a t a  r e f l e c t i n g  
t h e  s e p a r a t i o n  of 17--21-dioxy-20-ketocorticosteroids showed t h a t  t h e  e f f e c t s  
of a c c e l e r a t i o n  under t h e  condi t ions  used i n  our tests were a s t r o n g  - / 1 3  
s t imu lus  causing a s t a t e  of g r e a t  tens ion  i n  t h e  organism. 
obta ined  by M. I. Belyakova a f t e r  s i n g l e  a c c e l e r a t i o n s  of 12 G ' s  f o r  one 
minute g i v e  evidence of t h e  f a c t  t h a t ,  dur ing t h e  f i r s t  few days,  t h e r e  w a s  
observed i n  a l l  animals a c l e a r l y  def ined lowering i n  t h e  level of cor t ico-  
s t e r o i d s  i n  t h e  u r i n e  (by 100--300%). On t h e  3rd--7th days a f t e r  r o t a t i o n  
t h e  amount increased  and approached the  i n i t i a l  l e v e l .  I n  t h e  t r a i n i n g  series 
of tests, a f t e r  such a c c e l e r a t i o n  t h e  amount of c o r t i c o s t e r o i d s  sepa ra t ed  from 
t h e  u r i n e  no t  only d i d  no t  decrease b u t  even proved t o  b e  20--29% more i n  com- 
p a r i s o n  w i t h  t h e  i n i t i a l  level,  and i n  one case 98% more. 
3--7 days t h e  amount of c o r t i c o s t e r o i d s  separa ted  decreased and gradual ly  

The materials 

During t h e  next  

approached t h e  i n i t i a l  level. ~ - 

Thus, t h e  r e a c t i o n  of t h e  adrena l  co r t ex  t o  s i n g l e  and repea ted  
a c c e l e r a t i o n s  va r i ed .  Apparently t h e  decrease i n  t h e  sepa ra t ion  of cor t ico-  
s t e r o i d s  a f t e r  t h e  e f f e c t s  of a s i n g l e  a c c e l e r a t i o n  of 12 G ' s  f o r  one minute 
should be  considered a r e s u l t  of a c e r t a i n  amount of exhaust ion i n  t h e  adrena l  
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cor tex .  The increased  sepa ra t ion  of c o r t i c o s t e r o i d s  a f t e r  t h e  repea ted  
a c c e l e r a t i o n s  during t h e  f i r s t  few days and, i n  some animals ,  f o r  t h r e e  days 
a f t e r  t h e  te rmina t ion  of r o t a t i o n  apparent ly  is  evidence of t h e  occurrence 
i n  t h e  organism of a condi t ion  i n  which t h e  mechanisms of nonspec i f i c  
adap ta t ion  i n  response t o  stress s t i m u l i  react f a s t e s t .  

The i n v e s t i g a t i o n s  made of t h e  pe r iphe ra l  blood (N. I. Konnova), bone 
marrow (N. A. Yurina) ,  and t h e  lymphoid organs (Yu. I. Afanas'yev, Yu. 
Mashkovtsev) have made i t  poss ib l e  t o  def ine  many changes which occur  a f t e r  
t h e  e f f e c t s  of acce le ra t ion .  
amount of e ry th rocy te s  w a s  found and i n  t h e  bone marrow, a c t i v i a t i o n  of 
e ry th ropoe t i c  and granulopoet ic  func t ions .  
e ry th rocy te s  and a c t i v a t i o n  of e ry th ropo ies i s  are probably caused by hypoxia 
which developed as a r e s u l t  of t h e  e f f e c t s  of a c c e l e r a t i o n  and w e r e  a compen- 
s a t o r y  r e a c t i o n  of t h e  organism d i r e c t e d  toward inc reas ing  t h e  oxygen capac i ty  
of t h e  blood. The changes i n  t h e  myelopoetic func t ion  of t h e  r ed  marrow were 
more pronounced i n  t h e  1st Series than i n  t h e  2nd Se r i e s .  Ac t iva t ion  of 
e r y t h r o p o i e s i s  i n  t h e  bone marrow a f t e r  an a c c e l e r a t i o n  of 8 G ' s  f o r  a per iod  
of 3 min continued f o r  30--60 days; a f t e r  an  a c c e l e r a t i o n  of 12 G ' s  f o r  one 
min t h e  e ry th ropoe t i c  func t ion  normalized by t h e  30th day. 

In  t h e  pe r iphe ra l  blood an inc rease  i n  t h e  

The inc rease  i n  t h e  amount of 

Repeated a c c e l e r a t i o n s  caused less change than d id  s i n g l e  a c c e l e r a t i o n s .  
The amount of e r y t h r o b l a s t s  i n  t h e  bone marrow increased  only during t h e  f i r s t  
few days and by t h e  t h i r d  day dropped and l a t e r  s t a b i l i z e d  a t  a l e v e l  somewhat 
h ighe r  t han  normal. This is  evidence of t h e  f a c t  t h a t  a c c e l e r a t i o n  a c t i n g  
r epea ted ly  creates a condi t ion  of mobilized r ead iness  of t h e  e ry th ropoe t i c  /14 
func t ion  without  causing abrupt  dev ia t ions  i n  i t .  

The n e u t r o p h i l i c  leukocytos is  which developed e a r l y ,  during t h e  f i r s t  
hour o r  dur ing  t h e  f i r s t  few days,  a f t e r  s i n g l e  a c c e l e r a t i o n s  is apparent ly  a 
consequence of mobi l iza t ion  of t h e  prepared granulocytes  of t h e  bone marrow. 
Later a c t i v a t i o n  of n e u t r o p h i l i c  granulopoeis i s  w a s  observed. Neu t roph i l i c  
l eukocy tos i s  which developed i n  t h e  pe r iphe ra l  blood and t h e  i n c r e a s e  i n  t h e  
n e u t r o p h i l i c  granulopoeis i s  i n  t h e  bone marrow can be explained by t h e  
inc reased  demand of t h e  organism f o r  neu t roph i l s ,  This  apparent ly  i s  caused 
by t h e  formation of cen te r s  of hemorrhaging and t h e  development of d e s t r u c t i v e  
processes  i n  t h e  organs demanding mobi l iza t ion  of t h e  p r o t e c t i v e  f o r c e s  of 
t h e  organism. Phenomena of compensation developed 30 days a f t e r  a c c e l e r a t i o n s  
of  12 G ' s  l a s t i n g  one minute and somewhat l a t e r  a f t e r  a c c e l e r a t i o n s  of 8 G ' s  
l a s t i n g  3 min. 1 

A f t e r  repea ted  a c c e l e r a t i o n s ,  t h e  changes i n  t h e  blood and t h e  bone 
marrow e a r l y  i n  t h e  a f t e r - e f f e c t s  per iod w e r e  similar.  However, la ter ,  
c o n t r a r y  t o  t h e  e f f e c t s  of s i n g l e  a c c e l e r a t i o n s ,  t h e r e  w a s  no abrupt  i n c r e a s e  
i n  t h e  t o t a l  number of n e u t r o p h i l i c  granulocytes .  Thei r  number normalized 
over  a pe r iod  of 3--7 days. 
f i r s t  days of t h e  i n v e s t i g a t i o n  (up t o  one day) were evidence of t h e  
development of a s t r e s s - r e a c t i o n  i n  the  organism. 

The lymphopenia and eosinopenia  noted i n  t h e  

I n  t h i s  way hematological  i n v e s t i g a t i o n  made i t  p o s s i b l e  t o  d e f i n e  many 
changes,  t h e  genes i s  of which w a s  condi t ioned by t h e  development of oxygen 
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i n s u f f i c i e n c y  i n  t h e  organism, a general  s t r e s s - r e a c t i o n ,  and a l s o  t h e  
formation of c e n t e r s  of hemorrhaging and d e s t r u c t i v e  processes  i n  t h e  organism. 

Pathomorphological i n v e s t i g a t i o n s  conducted by V.  G. Yel iseyev,  Ye.,F. 
Kotovskiy, Yu. N. Kopayev, Yu. M. Afanas'yev, V. V. Korolev, e t  a l .  have made 
i t  .poss ib le  t o  e s t a b l i s h  i n  var ious  organs and systems t h e  occurrence of 
approximately uniform changes which a f f e c t  t h e  vascu la r  system and 
parenchymatous elements.  
having t h e  g r e a t e r  mass and an abundance of blood ( lungs ,  l i v e r ,  b r a i n ,  and 
kidneys) .  
increased  i n  propor t ion  t o  t h e  e f f e c t s  of acce le ra t ion .  The changes observed 
had, i n  most cases, a r e v e r s i b l e  na ture ,  showing complete compensation by t h e  
30--60th days. 

The most s i g n i f i c a n t  changes developed i n  t h e  organs 

It w a s  found t h a t  t h e  degree of change which occurred i n  t h e  organs 

It w a s  found t h a t ,  under t h e  condi t ions  of our  tests, t h e  degree of 
damage t o  t h e  organs depended mainly on t h e  t i m e  during which t h e  e f f e c t s  of 
a c c e l e r a t i o n  were experienced and, t o  a less e x t e n t ,  on t h e  f o r c e  of 
a c c e l e r a t i o n .  One except ion w a s  t h e  lungs where pa tho log ica l  changes 
increased  wi th  an inc rease  i n  t h e  fo rce  of t h e  a c c e l e r a t i o n .  

With r e spec t  t o  t h e  vascu la r  system t h e r e  w e r e  observed occurrences of 
venous conges t ive  hyperemia accompanied by dys t rophic  processes  i n  p a r t s  of 
t h e  vascu la r  w a l l ,  hemorrhaging, and, i n  many cases, t h e  formation of thrombi. 
Fresh hemorrhaging occas iona l ly  occurred 1--3 days a f t e r  r o t a t i o n .  This  found 
confirmation i n  tests conducted wi th  s u b j e c t s  who exh ib i t ed  blood flowing 1/15 
from t h e  nose n o t  immediately a f t e r  t he  e f f e c t s  had been f e l t  b u t  r a t h e r  14--18 
hours  l a te r .  
a c c e l e r a t i o n ,  maximum i n  du ra t ion  (8 G ' s  f o r  5--6 min). It should be noted 
t h a t  a f t e r  repea ted  e f f e c t s  of a c c e l e r a t i o n  some adap ta t ion  w a s  manifested i n  
t h e  v a s c u l a r  system of t h e  organism. 

Such hemorrhaging w a s  observed only a f t e r  t h e  e f f e c t s  of 

Histochemical i n v e s t i g a t i o n  wi th  a de te rmina t ion  of t h e  q u a n t i t a t i v e  
conten t  i n  t h e  cel ls  of n u c l e i c  a c i d s  revealed a two-phase change i n  t h e  
r i b o n u c l e i c  a c i d  (RNK) content  i n  t h e  n u c l e o l i  and cytoplasm of c e l l s :  a 
decrease  i n  t h e  amount of RNK i n  t h e  cytoplasm ( ls t - -3rd days) w i th  a 
subsequent  i nc rease  t o  t h e  normal l e v e l  (7th--14th days) .  
amount of RNK apparent ly  occurred a s  a r e s u l t  of t h e  occurrence of hypoxia i n  
t h e  organism. 
plasm of t h e  c e l l s  i s  evidence,  probably, of t h e  increased  func t iona l  a c t i v i t y  
of t h e  cel ls  during t h e  per iod  of development of t h e  compensatory phenomena. 
A change w a s  found i n  t h e  a c t i v i t y  of several ox id iz ing  enzymes during t h e  
f i r s t  few hours  a f te r  t h e  e f f e c t s  of acce le ra t ion  had been experienced. This  
is  i n  agreement wi th  d a t a  from e l e c t r o n i c  microscopic observa t ion  of t h e  
mitochondria  of cells .  

The drop i n  t h e  

The subsequent i nc rease  i n  RNK i n  t h e  n u c l e o l i  and t h e  cyto- 

Thus, an i n t e g r a t e d  s tudy  of t h e  processes  occurr ing  i n  t h e  organism of 
animals under t h e  i n f l u e n c e  of t r ansve r se  a c c e l e r a t i o n s  permits  t h e  con- 
c l u s i o n  t h a t ,  due t o  t h e  e f f e c t s  of such a c c e l e r a t i o n  i n  an organism, va r ious  
changes,  a hypoxic s ta te ,  a s t r e s s - s t r a i n  r e a c t i o n ,  and t h e  e f f e c t s  of t h e  
a c c e l e r a t i o n  i t s e l f  occur  which l ead  t o  changes i n  t h e  organs.  Among t h e s e  
pa thogene t i c  f a c t o r s ,  t h e  main r o l e  i s  performed by c i r c u l a t o r y  and hypoxic 
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hypoxia. 

The r e sea rch  which w a s  conducted e s t ab l i shed  a c o r r e l a t i o n  of changes i n  
t h e  roentgenologica l ,  c l i n i c a l ,  and pathomorphological p i c t u r e s .  I n  va r ious  
organs and systems of an organism, s igns  of development of p r imar i ly  adapt ive  
r e a c t i o n s  were found. With repeated e f f e c t s  of a c c e l e r a t i o n ,  t h e  changes i n  
t h e  func t ion  of e x t e r n a l  r e s p i r a t i o n ,  the energy consumed by t h e  animals ,  
and t h e  changes i n  t h e  hematological  and biochemical i n d i c a t o r s  revea led  
traces of development of adapt ive  reac t ions .  A t  t h e  same t i m e  pathomorpho- 
l o g i c a l  i n v e s t i g a t i o n  g ives  evidence of t h e  occurrence i n  va r ious  organs and 
t i s s u e s  of s t r u c t u r a l  damage which v a r i e s  i n  course.  Under t h e  condi t ion  of 
our  tests it  w a s  e s t a b l i s h e d  t h a t  t he  degree of damage s u f f e r e d  i n  a major i ty  
of t h e  organs and t i s s u e s  which w e r e  examined proved t o  b e  more ex tens ive  
wi th  an a c c e l e r a t i o n  of 8 G ' s  f o r  3 min than  f o r  an a c c e l e r a t i o n  of 12 G ' s  
l a s t i n g  f o r  1 min. 
pulmonary t i s s u e  increased  wi th  an  inc rease  i n  t h e  a c c e l e r a t i o n .  
of animals  subjec ted  t o  repeated a c c e l e r a t i o n s ,  f o c a l  p r o l i f e r a t i o n  i n  t h e  
connect ing t i s s u e  w a s  observed as e a r l y  as one day a f t e r  t h e  te rmina t ion  of 
r o t a t i o n .  

l 

I 
l 

Simultaneously t h e  degree of pa tho log ica l  changes i n  t h e  
I n  t h e  lungs 

Af t e r  s i n g l e  a c c e l e r a t i o n s  microscopic p r o l i f e r a t i o n  i n  t h e  
connect ing t i s s u e  w a s  no t i ced  only on the  30th--60th days (Yu. N. Korolev, /16 
1965).  

Therefore ,  t h e  repea ted  e f f e c t s  of a c c e l e r a t i o n  i n  t h e  organism of an 
animal may cause va r ious  e f f e c t s  which, on one hand, have an adap t ive  na tu re  
and, on t h e  o t h e r ,  a c l e a r l y  expressed cumulative damaging n a t u r e  t o  occur.  
A thorough s tudy  of t h i s  problem t o  e s t a b l i s h  t h e  opt imal  systems of 
a c c e l e r a t i o n s ,  t h e i r  va lues ,  du ra t ion ,  frequency, etc.  remains an important 
t a s k ,  t h e  performance of which i s  of g rea t  p r a c t i c a l  s c i e n t i f i c  importance. 
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